12. Lai, F.P., Szczodrak, M., Block, J., Faix, J., Breitsprecher, D., Mannherz, H.G., Stradal, T.E., Dunn, G.A., Small, J.V., and Rottner, K. Plant leaves have functionally specialized upper and lower sides. Two recent studies show that these opposite identities are derived from a pre-pattern in the shoot meristem and the border between them is maintained by mobile small RNAs with morphogen-like properties.
Virtually all plant leaves have visibly different upper and lower sides [1] [2] [3] . While the upper side is generally darker green and has a shiny appearance, the lower side is generally paler and less shiny ( Figure 1A ). This difference reflects the functional specialization of the two sides of the leaf [4] . The upper side is responsible for efficient light capture through the chloroplasts in the tightly packed cells of the so-called palisade parenchyma. By contrast, the more numerous stomata on the lower side of the leaf ensure gas exchange and CO 2 uptake into the loosely arranged spongy mesophyll. The polarity between the upper (also called dorsal or adaxial) and the lower (ventral or abaxial) sides of the leaves is established very early on after initiation of the leaf primordium at the shoot meristem at the tip of the plant [1] [2] [3] .
The shoot meristem represents a dynamic stem-cell system that ultimately is the source for all the aboveground structures formed by a plant after germination [5, 6] . The long-term stem cells are localized in the central meristem region. Organ primordia can only be initiated in the surrounding peripheral zone, triggered by local maxima of the hormone auxin, whereas the central zone is refractory to auxin-induced organ formation [7] . Classical surgical experiments by Ian Sussex and their more targeted recent replication had shown that separating initiating primordia from the meristem centre leads to a loss of dorsoventral polarity and the formation of radially symmetrical leaves lacking a leaf blade and consisting only of ventral cells [8, 9] . This led to the suggestion of a so-called Sussex signal emanating from the meristem centre to trigger dorsal identity [3] .
While the nature of the Sussex signal remains enigmatic, numerous genes have been identified that play conserved roles in dorsoventral-polarity determination across flowering plants. These include two small families of transcriptional regulators, the HD-ZIP III genes REVOLUTA (REV), PHAVOLUTA (PHV) and PHABULOSA (PHB) that determine dorsal identity, and the GARP-domain transcription factors encoded by the KANADI (KAN) genes that determine ventral identity [10] [11] [12] . These HD-ZIP III and KAN genes are already involved in patterning the embryo into a central domain marked by HD-ZIP III genes and a peripheral domain expressing KAN genes, with cotyledons, the embryonic leaves, initiated at the boundary between the central and peripheral domains [10] [11] [12] . This result suggested an alternative model for the establishment of dorsoventral polarity in leaf primordia, according to which the polarity in the leaf is merely an elaboration of a prepattern based on the central-peripheral polarity in the shoot meristem [1] . As leaves grow out, the dorsoventral polarity is maintained by negative interactions between dorsal and ventral factors [2] , yet the essentially cell-autonomous mutual repression by transcriptional regulators is thought to be insufficient to explain the maintenance of a sharp and laterally uniform boundary between dorsal and ventral domains throughout the proliferating cells forming the leaf blade [1] . This seems to be the task of mobile small RNAs that form opposing gradients from the dorsal and ventral sides and post-transcriptionally repress factors promoting the opposite identity [13, 14] . However, how graded distributions of small RNAs are translated into sharp boundaries in expression of their downstream targets is unclear. Thus, there are several unresolved questions. First, why is only the peripheral zone competent for auxin-induced organ formation? Second, is dorsoventral polarity triggered by an inductive Sussex signal from the meristem, or does it reflect a prepattern in the peripheral zone? Third, how is a sharp boundary between the dorsal and ventral domains maintained during leaf outgrowth? Two recent papers by the Heisler and Timmermans groups shed light on these issues [15, 16] .
Caggiano et al. set out to test the prepattern model in Arabidopsis thaliana [16] . Using detailed live imaging, they confirm that the HD-ZIP III gene REV and its antagonist KAN1 are expressed in complementary, concentric domains in the shoot meristem, with REV limited to a more central domain and KAN1 expressed in the surrounding region ( Figure 1B ). The two domains are separated by a small gap, and it is precisely in this region that the auxin sensitivity of the cells appears maximal and that new organ primordia are initiated. To test the notion that both REV and KAN1 suppress organ initiation, REV or KAN1 were misexpressed throughout the epidermis of the meristem. As predicted, this abolished the formation of further organs. Conversely, treating wildtype meristems with exogenous auxin is able to trigger a transcriptional response and the formation of a ring-shaped organ from the peripheral zone, presumably from the boundary between the REV and KAN1 expression domains; however, cells in the meristem centre do not respond, even though they contain high levels of auxin. While these findings suggest an explanation for the exclusive organ initiation in the peripheral zone [7] , they do not formally demonstrate that the prepattern of REV and KAN1 expression is sufficient to establish dorsoventral polarity in the primordia. To test this, the authors altered the prepattern by inducing KAN1 expression in the central region, thus creating ectopic REV-KAN1 expression boundaries. Indeed, this was sufficient to cause the formation of ectopic organs, some of which showed reversed or otherwise altered dorsoventral polarity, presumably reflecting the location of the altered REV-KAN1 expression boundaries.
These results strongly support the functional importance of the prepattern in the meristem peripheral zone in setting the dorsoventral polarity in the leaves, but how can this be reconciled with the evidence for an inductive Sussex signal? An additional twist in their findings allows Caggiano et al. to propose an elegant solution. REV and KAN1 not only suppress the auxin response, but their expression in turn is responsive to auxin, setting up a dynamic feedback system. In particular, auxin promotes REV, but inhibits KAN1 expression. As demonstrated before, wounding causes a re-orientation of polar auxin transport away from the wound site, causing local auxin depletion [17, 18] . The resulting low auxin levels in turn allow the expression of the ventralizing KAN1 all around the wound, which can be completely blocked by simultaneous auxin treatment. Thus, according to this scenario, a wound between the meristem and an incipient organ would cause the upregulation of KAN1 on the prospective dorsal flank of the organ, resulting in repression of REV and ventralization of the leaf. This offers an intriguing reconciliation between a dynamic prepatterning-based mechanism and the results from classical wounding experiments. However, it would seem premature to pronounce the Sussex signal dead. Most importantly, repeating the surgical experiments in Solanaceae with simultaneous auxin treatment -predicted to allow the formation of normal leaves -should demonstrate whether the proposed mechanism can indeed explain the classical results by Sussex. Once established in the early primordium, the dorsoventral boundary needs to be stably and precisely maintained during outgrowth of the leaf and particularly the flattened leaf blade. Skopelitis and colleagues address the question of how the two inverse spatial gradients of small RNAs -a tasiRNA-ARF that is produced in the dorsal epidermis and represses the ventralizing ARF3 and ARF4, and miR166 produced in the ventral epidermis and repressing the dorsal HD-ZIP III genes -are converted into sharp on/off boundaries in target gene expression ( Figure 1B) [15] . Inverting the source of the tasiRNA-ARF by expressing it in the ventral epidermis inverts the expression domain of the target ARF3, but importantly again produces a sharp and laterally uniform boundary between on and off states. To rule out that feedback interactions between downstream components of the dorsoventral patterning system contribute to sharpening the boundary, the authors produce a microRNA against GFP either in the dorsal or ventral epidermis of plants ubiquitously expressing a GFP reporter. Indeed, GFP accumulation also shows a sharp, laterally uniform boundary between no detectable GFP in the epidermal and subepidermal cell layers and strong GFP accumulation in more distal layers; interestingly, this GFP accumulation at the low end of the gradient is more uniform between individual cells than in plants without miRGFP, indicating that the microRNA also contributes to dampening gene-expression noise between individual cells [19] . Quantification of microRNA levels in the above lines indicates that the boundary between on and off states of target expression coincides with only a small, approximately 30% decline in microRNA levels, suggesting an exquisite sensitivity of the system. Consistent with this, varying the microRNA levels at the source changes the position of the on/off boundary.
Thus, the inverse spatial gradients of small RNAs in leaf primordia appear to contribute to maintaining a sharp and laterally uniform boundary between dorsal and ventral fates by direct and sensitive threshold-dependent repression of their target genes. How the thresholddependent response is achieved for targets with a single small-RNA binding site, that is, when the cooperativity that is thought to underlie other cases of threshold-like responses is not possible [20] , remains a fascinating topic for future studies. This morphogen-like behaviour of mobile small RNA gradients contributes to ensuring the formation of a leaf with functionally specialized dorsal and ventral sides. In addition, the sensitivity of the boundary to small-RNA levels at the source also suggests an elegant mechanism of adjusting the number of palisade and spongy mesophyll layers to different environmental conditions to ensure an optimal leaf anatomy for photosynthesis.
When methane-producing microbial communities are mixed experimentally, the resulting community is dominated by the community with the greatest resource-use efficiency. These results suggest a degree of community cohesion, or the maintenance of that initial community in the mix.
From a macro-perspective, for example, thinking about plants, it may seem peculiar to consider what would happen if entire communities encounter each other and mix. Community ecologists are used to thinking about members of individual species moving, rather than the entire community. For microbes, this situation may be much more commonplace than currently appreciated; this is because of their small size (and therefore their local community) and the frequency with which environmental pieces containing such microbial communities are transported. Such mixing of entire communities has been called community coalescence [1] .
Even though community coalescence events can be imagined in many situations [2] , they are particularly evident in aquatic systems because of the ease and likely completeness of mixing. This circumstance was the basis of a recent study in Current Biology by Sierocinski et al. [3] , who used aquatic microbial communities of methanogens in their laboratory experiments. The focus on the process of methanogenesis was a very good choice, since there is a clear final product to monitor (methane gas) and the various contributions to the process are distributed across a range of microbial taxa. The authors found that the community that resulted from mixing most resembled the community with the greatest productivity, and that the methane production of the mix over time also was indistinguishable from that of the more efficient community. Additional analyses revealed that cooccurring taxa of the most efficient community appeared to be maintained in the mixture; this interesting result raises questions about the general nature of communities.
The Nature of the Community In ecology textbooks, the view of an ecological community tends to be dominated by an implicitly individualistic perspective: that is, a concept of the community that highlights the role of individually acting species [4] , deemphasizing the potential coevolutionary history among community members. By contrast, the paradigm that most extremely emphasizes the notion of strong coevolutionary forces within a community, making this community a recognizable unit, is the 'superorganism' view of communities [5] . As is often the case, the truth is probably somewhere in the middle. Although it certainly seems an exaggeration to view the community as such a tightly regimented entity, it is also perilous to ignore the fact that coevolutionary processes can play an important role in communities.
What better way to examine this level of community cohesion [6] than to see what happens when you mix entire communities. Will the resulting community be a complete mosaic of the communities entering the mix, or will the coalesced community reflect mostly one, hinting at a greater degree of cohesion? Results from the new study [3] are consistent with the notion of certain modules within the community (presumably consisting of co-evolved members) having been maintained in the coalesced community.
